A s little a s 3-5 cm H,O increase in proximal airway pressure applied to normal lung reduces cardiac output. It is postulated that decreased pulmonary compliance in respiratory distress syndrome (RDS) acts a s a barrier thus offsetting this effect. Since cardiac output is not routinely measured, severe reduction in it could accompany regression of disease while maintaining -t h e same airway pressure. This study was undertaken to determine whether tissue oxygen available (0,a) could be used to detect changes in perfusion during continuous positive pressure breathing (CPPB). C P P B was evaluated in 1 0 normal rabbits (CL = 9.5 + 1.8 cclg a t 2 5 cm H,O) and in 1 0 pulmonarydamaged rabbits (CL = 5.5 rf: 1.4 cc/g at 25 cm H,O) produced by subjecting them to 100% 0,. Airway pressure was increased from 0-15 cm H,O in 3 cm H,O increments a t 10-min intervals. 0 , a and PaO, were monitored continuously. In the normal group, 0 , a decreased at 3 cm H,O airway pressure, reaching 22% of control at 1 2 cm H,O, a t which pressure PaO, decreased. Breathing 100% 0, a t this airway pressure increased PaO, to 408 mm Hg, whereas 0 , a returned to 45% of control. In the experimental group, 0 , a decreased at 9 cm H,O airway pressure, at 1 2 cm H,O it was 36% of control at which pressure PaO, decreased slightly. Breathing 100% 0, a t this airway pressure increased PaO, to 316 mm Hg, and increased 0 2 a to 200% of control. These data indicate that with excessive airway pressure, muscle hypoxia niay exist during systemic hyperoxemia and that a low compliance lung exerts a protective effect on 0,a. Since changes in cardiac output during C P P B are compliance dependent, and since 0,a is perfusion dependent, tissue oxygen available could provide a means of selecting optimal airway pressure during CPPB.
INTRODUCTION
Since Gregory's report (4) on the effectiveness of CPPB far treatment of infants with Respiratory Oi~tress Syndrome (RDS). this method haa been accepted throughout the world. This method of treatment provides increased proximal airway pressure (AP) sufficient to prevent alveolar collapse at the end of expiration, while the subject breathea spontaneously. In the normal lung. as little as 3-5 cm Hz0 AP may reduce cardiac output (6) ( 
1.8). Contrary to this.
it is postulated that in RDS, decreased pulmonary compliance (CL) acts as a barrier end minimizes thia effect. Pulmonary compliance varies widely between normal subjects and those with ROS of varying severity. Therefore, a wipe range ?f AP is required to provide optimal oxygenation without reducing Q.
Since Q is not routinely measured. a reduction in Q could occur unnoticed following an excessive increase in AP. In addition, a reduction in Q could occur concommitantly with a regression of the disease, when lung compliance improves and proximal airway pressure remains unchanged.
Mieropolarographic oxygen electrodes have been used to measure the state of oxygenation of different organs. and have been accepted as a very useful research technique (2.6.7).
If the micro oxygen electrode is placed in a tissue area of an active muscle. characterized by high oxygen consumption. normal A-V PO2 difference and no preferential blood flow. and if the oxygen consumption of the electrode does not interfere with normal cellular metaboli~m, then such an electrode would measure changes in tissue oxygen availability (OZa) reflecting changes in both Pa02 and perfusion.
This study was undertaken to determine whether 028 could be used to detect changes in perfusion when excessive AP is applied during CPPB. In addition, the mechanisms by which perfusion is affected during excessive increase in AP ere elucidated.
METHODS AND MATERIALS
Thirteen adult male New Zealand rabbits (1.8 -2.6 kg) were divided into two groups. The control group (N) consisted of 10 animals with normal lungs and the experimental group (E) consisted of LO animals with lungs damaged by exposure to high oxygen concentrations for 36 to 48 hours (3). Individual animala in the experimental group were placed in a chamber with adequate food and water and normobaric 100% 02 circulating st 6 llmin. After 36 to 48 hours. the animals were removed from the chamber and exposed to room air for one to three hours before the initiation of any experimental procedure.
Animals were anesthetized with intravenous sodium pentobarbital (25 mmlkg) end placed on a heating pad (Garman Rupp K-1) with pad temperature maintained at 39OC. A tracheastomy tube was inserted and secured. A SF arterial catheter. containing a monopolar oxygen sensor (International Biophyeics Corporation. Irvine. California -IBC) was advanced from the femoral artery to a point distal to the aortic bifurcation for monitoring of blood pressure (BP). arterial partial oxygen pressure (PaOz), and for blood sample collection. A venous catheter was advanced from the femoral vein into the r+pht atrium for pressure measurement (Pre) and blood sample collection. 9 was determined by the Fick principle.
A balloon secured to P E 260 tubing was inserted orally to the cardiac sphincter and then withdrawn to the lower 113 of the esophagus for measurement of esophageal pressure (Pes). A monopolar oxygen electrode was implanted into the right triceps muscle for measurement of 02s. Reference electrodes were secured to the skin and connected to the monitoring systems.
Specifics related to construction, implantation and performance of the oxygen electrode were described previously (2. 6-8).
For measurement of cortical O2a. oxygen sensitive electrodes were implanted in three normal rabbit^. Hales were drilled in the skulls of the animals and electrodes were inserted into the parietal area of the cortex. The electrodes were soldered to external connectors which then were fixed to the skull with stainless steel screws and dental cement. Approximately 7-10 days were allowed for complete animal recovery, efter which the CPPB experiment was performed.
The tracheostomy tube was connected to a pneumotachogrsph in a series with a CPPB system similar to the one described by Gregory (4). The system consisted of (a) a rigid wall. cylindric 200 ce reservoir with a needle valve exhaust regulator. flovmeter, subject connector and adapters for measurement of system pressure, oxygen concentration end total system outflow, (b) exchangeable compliant 200 cc rubber bag placed in front of a rigid wall reservoir. and (c) a pressure release "pop off" syetem in the farm of a submersible water monometer placed proximally to the rigid wall reservoir. A humidified airflow of 12 11 min. was circulated through the system. Control values for all physiologic variables measured were obtained at this point. AP wee then increased from 0.5 to 15 cm Hz0 in 3 cm increments at 10 minute intervale. At 12 cm H2O. the fraction of inspired 02 (FiOp) was increased from ambient to 50% end 100%. During these procedures. animals were breathing spontaneously and regulating their own respiratory rates and tidal volumes.
To verify the validity of the experimental model, static lung compliance (CL) of the exteriorized lung and histologic evaluations were performed in six narma1 and six oxygen-treated animals not exposed to CPPB. Also, CL of the exteriorized lungs was measured in all animals exposed to CPPB immediately after death. To permit comparison of lungs of different sizes, volume was expressed a s ml of gas per gram of lung tissue (5).
Arterial (BP) and right atrial (Pra) pressures, respiratory rate (RR), tidal volume (VT). minute volume WE). FeO2, arterial end venous pH end partial 0 2 and C02 pressyres, saturations and contents. hematocrit, hemoglobin, oxygen consumption (vO ), cardiac output (Q), end static lung compliance (CL) were determined as pre!iously described (3). Student T-test was performed to determine the statistical differences between the control and experimental groups.
RESULTS
CL at the peak inflation pressures at 25 cm H20 was 9. . This exemplifies that Pa02 can be st normal or hyperoxic levels while 02a is markedly decreased. suggesting a reduction in perfusion. The reduction in perfusion was of greater magnitude in animals with normal compliance lungs. This is in agreement with the work reported by Suter et a1 (9) who observed that in patients with low functional residual capacity and lung compliance, maximum oxygen transport was achieved at higher levels of positive end expiratory pressure. Improvement in total lung compliance waa accompanied by improvement in total oxygen transport when the "best PEEP" was obtained. This agrees with our data on tissue oxygen availability which provides the evidence that at an optimal airway pressure the highest level8 of tissue oxygenation are achieved.
Our data indicate the mechanism of reduction in perfusion is by means or pressure transmission across the alveolar wall. which in turn produces an increase in Pes, followed by an increase in Pra and a decrease in pulmonary venous return. 0. and Ola. end that thin mechanism is com~lienee de~endent. This sun-. ..
& .
gests that for proper selection of e i n a y preaaure. measurement of variables which reflect changes in perfusian in addition to changes in systemic oxygenation is necessary.
Our data further indicate that while the appearance of Pulsus Paradoxicus occurs later than changes in Pes, Pra, and Q when excessive AP is applied, nevertheless it could be used as e warning signal. However, because changes in 02a occur concurrently with changes in Pes. Pra. and 6. we stress thtt a reduction in 028 would accurately reflect excessive AP. Since changes in Q during CPPB are compliance dependent and since 0 a is Q dependent, 0 a could provide a means of selecting optimal AP during2cpp~. Therefore. wa propose that in a clinical situation while continuously measuring muscle O p , e pressure sweep (Fig. 8) 
